Extracellular culture concentrates were prepared from Streptomyces viridosporus T7A, Streptomyces badius 252, and Streptomyces setonii 75Vi2 shake flask cultures. Ten-day-heat-treated (70°C) starch-polyethylene degradable plastic films were incubated with shaking with active or inactive enzyme for 3 weeks (37C). Active enzyme illustrated changes in the films' Fourier transform infrared spectra, mechanical properties, and polyethylene molecular weight distributions.
There is a growing interest in the development of degradable plastics to enhance biodegradability of plastic products in landfills and composts. One type of these novel materials consists of starch-polyethylene-prooxidant degradable plastics, which are used in the composting of lawn, garden, and shrub litter. Recently, Lee et al. (3) demonstrated the ability of lignocellulose-degrading Streptomyces badius 252, Streptomyces setonii 75Vi2, and Streptomyces viridosporus T7A to attack polyethylene in heat-treated degradable plastics in pure shake flask culture studies. In this paper, we describe the presence of an extracellular enzyme(s) produced by these bacteria that is capable of attacking and modifying the polyethylene portion of 10-day-heat-treated degradable plastics.
S. badius 252, S. setonii 75Vi2, or S. viridosporus T7A was incubated separately in medium containing 0.6% yeast extract (Difco Laboratories, Detroit, Mich.) medium (4) at 37°C with shaking (125 rpm) for 48 to 72 h until the medium pH was .8.0. Cell mass was removed by filtration through glass wool, and the filtrate was concentrated threefold by dialysis against high-molecular-weight polyethylene glycol at 4°C (6) . The final volume of each bacterial culture concentrate was then adjusted to 300 ml with deionized water and then divided in half. Inactive enzyme (control) was prepared by autoclaving three 50-ml samples in 250-ml Erlenmeyer flasks fitted with cotton plugs. The remaining 150 ml of culture concentrate was filter sterilized (0.45-,um-pore-size polycarbonate filter), 50 ml was dispensed into three sterile flasks, and then 1.3 ml of sterile antibiotic solution (5,000 U of penicillin, 5 mg of streptomycin, and 10 mg of neomycin per ml of a 0.9% NaCl solution) (Sigma Chemical Co., St. Louis, Mo.) was added.
The 6% starch-polyethylene-prooxidant degradable plastic was prepared commercially with POLYCLEAN masterbatch (Archer-Daniels-Midland Inc., Decatur, Ill.). A sheet of degradable plastic was heat treated (70°C) in a forced-air oven for 10 days and then cut in machine direction into strips ( (3) . Films were then disinfected by using the procedure of Lee et al. (3) . Sterility checks were conducted by aseptically adding each film to 100 ml of sterile 0.6% yeast extract medium and then incubating with shaking (125 rpm) at 37°C for 24 h. Properly disinfected films (no turbidity) were then stored at 4°C. Disinfected films were then aseptically added to each bacterial culture concentrate flask containing active or inactive enzyme (replicates of three). The films were then incubated with shaking at 37°C. Once each week, the films were aseptically removed from each flask and added to a fresh bacterial culture concentrate. After a 3-week incubation, the films were washed in 70% ethanol, dried overnight at 45°C, and then evaluated for changes. Data analyses were determined by using an analysis of variance to ascertain differences between corresponding films treated with active and inactive bacterial culture concentrates by SAS program (7) . Values for which P was <0.05 were considered significantly different.
The Fourier transform infrared (FT-IR) spectrometer used was a Bruker Instruments (Billerica, Mass.) Model IR 113V controlled by Bruker IFS version 12/87 software. Polyethylene films were affixed directly to standard FT-IR sample plates, which were made from 1-mm-thick aluminum plate. Wrinkles in the mounted films were avoided. The spectrum was performed from 600 to 4,000 wave numbers cm-' for each sample. S. setonii and S. viridosporus active-enzymetreated films illustrated an increase in the 900-to-1,200 cm-' region, whereas their corresponding control films demonstrated no change (Fig. 1) . The FT-IR spectrum for S.
badius-treated films showed no changes (Fig. 1) . The same FT-IR spectra were exhibited for all three replicate films. The identical spectral pattern observed for the films treated with inactive enzyme was observed for the zero-time 10-dayheat-treated material. This region of increased peak absorbance (900 to 1,200 cm-') of the FT-IR spectrum correlates with primary and secondary alcohols (8) . The FT-IR spectrum for starch also absorbs in this region (Fig. 1) . However, when the same heat-treated degradable plastic film was treated with exogenous a-amylase (Bacillus sp.) for S. setonii 75Vi2, which also produced the greatest absorbance change in FT-IR spectra at the 1,000 cm-' region ( Fig.   1 ).
A Waters model 150-C (Waters/Millipore Co., Milford, Mass.) high-temperature gel permeation high-pressure liquid chromatograph was used to determine changes in polyethylene molecular weight distribution. The procedure of Lee et al. (3) was used for sample preparation and chromatographic evaluation. Changes in the M, correspond directly to highmolecular-weight polymers found in linear-low-density polyethylene, whereas changes in Mn correspond to number of molecules per sample (2) . MW/In corresponds to polydispersity or chromatographic peak width. Films treated with S. badius and S. viridosporus active enzyme demonstrated a slight reduction in MBs and Mns compared with their corresponding controls, whereas S. setonii-treated films demonstrated no change (Table 2) . A significant difference (P < 0.05) between Mns for S. badius active-enzyme treated films and for those treated with inactive enzyme was observed.
Veratryl alcohol and 2,4-dichlorophenol lignin peroxidase activity was determined for each bacterial culture concentrate after filter sterilization by using the methods of Ramachandra et al. (5, 6) . To measure enzyme activity, increase in A470 and A510 was monitored for 1 min at 37°C on a Beckman DU-50 UV-VIS spectrophotometer. The bacterial concentrates for all three bacteria demonstrated some veratryl alcohol but no 2,4-dichlorophenol lignin peroxidase. We can then assume that each of the bacterial cultures was ligninolytic (5) .
This preliminary study confirms the presence of an extracellular enzyme(s) capable of attacking 10-day-heat-treated polyethylene of degradable plastics with 6% starch plus prooxidant. All three bacterial extracellular enzyme concentrates caused detectable changes in the degradable plastic as determined by the FT-IR spectrometer, Instron Universal Tester, and/or high-temperature gel permeation high-pressure liquid chromatography. No special enzyme inducer in the medium was required to produce this extracellular enzyme(s). To our knowledge, this is the first report describing extracellular-enzyme activity on polyethylene.
